Objective The aim of this study was to identify patients with a high risk of early mortality after acute esophageal variceal bleeding by measuring the C-reactive protein (CRP) level. Methods We retrospectively evaluated 154 consecutive cirrhotic patients admitted with acute esophageal variceal bleeding. Differences between categorical variables were assessed by the chi-square test. Continuous variables were compared using the Mann-Whitney U-test. Multivariate logistic regression analyses consisting of clinical laboratory parameters were performed to identify risk factors associated with the 6-week mortality. The discriminative ability and the best cut-off value were assessed by a receiver-operating characteristic (ROC) curve analysis. Results Child-Pugh C patients showed a significantly higher 6-week mortality than Child-Pugh A or B patients (38% vs. 6%, p<0.0001). The 6-week mortality in Child-Pugh C patients was associated with the age (p<0.0001), etiology of cirrhosis (p=0.003), hepatocellular carcinoma (p=0.0003), portal vein thrombosis (p= 0.005), baseline creatinine (p=0.0001), albumin (p=0.001), white blood cell count (p=0.038), baseline CRP [p =0.0004; area under the ROC (AUROC)=0.765; optimum cut-off value at 1.30 mg/dL] and bacterial infection (p=0.019). We determined that CRP ! 1.30 mg/dL was an independent predictor for 6-week mortality in Child-Pugh C patients [odds ratio (OR)=8.789; 95% confidence interval (CI): 2.080-47.496; p=0.003], along with a creatinine level of 0.71 mg/dL (OR=17.628; 95% CI: 2.349-384.426; p=0.004) (73% mortality if CRP ! 1.30 mg/dL vs. 19% if CRP<1.30 mg/dL, p<0.0001). Conclusion In Child-Pugh C patients with esophageal variceal bleeding, a baseline CRP ! 1.30 mg/dL can help identify patients with an increased risk of mortality.
Introduction
Acute esophageal variceal bleeding is a significant lifethreatening complication of cirrhosis. Although the mortality during episodes of esophageal variceal bleeding has decreased over the past 3 decades to approximately 20% (1-3), it remains high. Several factors associated with the mortality risk within six weeks after an episode of esophageal variceal bleeding have been identified, including the Child-Pugh class, model for end-stage liver disease (MELD) score, renal failure, bacterial infection, active bleeding at initial endoscopy, hepatocellular carcinoma (HCC), presence of portal vein thrombosis (PVT) and hepatic venous pressure gradient (4) (5) (6) (7) (8) (9) . Among these predictors, the Child-Pugh class has traditionally been used to stratify patients at risk for death, and patients in Child-Pugh class C have a particularly poor prognosis (10, 11).
However, the Child-Pugh classification system has limitations for detecting patients with a high mortality risk, in-Intern Med 58: 487-495, 2019 DOI: 10.2169/internalmedicine.1447-18 cluding having a "ceiling effect" with the objective parameters of bilirubin, albumin and prothrombin. It has been shown that the early mortality of patients with decompensated cirrhosis depends largely on events that temporarily worsen or are superimposed on liver failure. The existence of systemic inflammatory response syndrome (SIRS) also appears to be an important prognostic factor. SIRS increases the risk of encephalopathy, renal failure, infection (12) (13) (14) and mortality in cirrhosis patients (14, 15) . C-reactive protein (CRP) is an acute phase protein synthesized in response to cytokines like interleukin (IL)-1 and IL-6. CRP plays a key role in a wide range of inflammatory process and is broadly used for the diagnosis of bacterial infection. However, CRP levels are also elevated in other situations responsible for inflammation, regardless of the presence of bacterial infection (16) (17) (18) .
In this study, we assessed the utility of the CRP levels in identifying high-risk patients after acute esophageal variceal bleeding.
Materials and Methods

Data collection
One hundred and eighty-three cirrhotic patients admitted with acute esophageal variceal bleeding between October 2004 and December 2016 at the Department of Gastroenterology and Hepatology of Itabashi Chuo Medical Center were included in our study (Fig. 1) . Patients bleeding from ectopic varices, such as gastric varices (n = 27) or duodenal varices (n = 2), were not enrolled in the study because of their differing prognosis. We retrospectively analyzed the 154 consecutive patients in our current study. No exclusion criteria were predefined. Baseline clinical and biochemical data of patients were recorded at admission. The Child-Pugh score and the MELD score were calculated from the baseline data. The tumor stage was recorded according to the 7th Edition of the American Joint Committee on Cancer (AJCC)/International Union for Cancer Control (UICC) tumor node metastasis (TNM) classification (19) .
The study protocol conforms to the ethical guidelines of the Declaration of Helsinki and was approved by the local ethics committee. Informed consent had previously been obtained according to the local regulations.
Treatments
An initial endoscopy was performed on all patients within 12 hours of arrival. In patients bleeding from esophageal varices, endoscopic variceal ligation (EVL) was performed as first-line therapy. Proton pump inhibitors (PPIs) were prescribed to patients who received EVL for acid suppression. If EVL failed to control the bleeding, the varices were treated with injection sclerotherapy. When necessary, should bleeding fail to be controlled by endoscopic therapy, a Sengstaken-Blakemore tube was inserted as a bridge to a new endoscopy (Fig. 1) . Patients with hemodynamic instability or a significant drop in hemoglobin were given a packed red blood cell transfusion. Patients underwent endoscopic therapy at one-week intervals as prophylaxis when applicable. Antibiotics were prescribed depending on the patients' clinical condition, laboratory data and physician's preference.
Definitions
The endoscopic findings of esophageal varices were assessed based on the "General rules for recording endoscopic findings of esophagogastric varices" prepared by the Japan Society for Portal Hypertension (20) and prospectively recorded in the endoscopic database during the study period. The time of inclusion was the moment of admission to our medical center. The primary endpoint of the study was the 6-week mortality, which was defined as death from any cause occurring within six weeks after admission. We chose this outcome because per the Baveno VI consensus workshop, the main treatment outcome in cases of acute variceal hemorrhaging should be the 6-week mortality (21) . The follow-up time of six weeks allows comparisons with longterm studies, as most deaths after acute variceal bleeding occur in the first six weeks (5, 11) . The diagnosis of cirrhosis was based on the clinical, biochemical and imaging findings. HCC was diagnosed based on ultrasound and computed tomography (CT) or magnetic resonance imaging (MRI) findings during admission. PVT was diagnosed based on ultrasound, CT or MRI findings. Bacterial infection, occurring around the index bleeding was defined by one of the following criteria: a fever greater than 38.0°C for more than 12 hours and spontaneous bacterial peritonitis, ascitic fluid polymorphonuclear count ! 250/mm 3 , positive blood cultures, urinary tract infection, and/or pneumonia on chest radiograph. Other infections were diagnosed according to clinical, radiologic, and bacteriologic data (4). Rebleeding was defined as recurrence of bleeding after initial bleeding control evidenced by new melena or hematemesis, or hemodynamic instability. Under these circumstances, a second endoscopic treatment was performed. 
Statistical analyses
Differences between categorical variables were assessed by the chi-square test. Continuous variables were summarized using the median and interquartile range (IQR) and compared using the Mann-Whitney U-test. The selection of a priori variables for the multivariate analysis was based on all variables that showed statistically significant differences on a univariate analysis and in the previous literature (4, 5, 9, 14, (22) (23) (24) (25) . The candidate variables included the age, creatinine level, CRP level and albumin level. We performed an all-subset selection method to obtain those variables that independently correlated with the 6-week mortality. The discriminative ability was assessed by an area under the receiver-operating characteristic (AUROC) curve analysis and the logarithm of the likelihood (LL). The coefficients obtained from the logistic regression analyses were also expressed in terms of the odds of occurrence of an event. The best cut-off value of continuous variables for predicting the 6-week mortality was defined by the Youden index. All analyses were performed using the JMP software program, version 8.0.1 (SAS Institute Japan, Tokyo, Japan) or EZR (Saitama Medical Center, Jichi Medical University), which is graphical user interface for R (The R Foundation for statistical Computing version 2. 13.0) (26) . A two-tailed p value of <0.05 was considered to be statistically significant.
Results
Patient characteristics and outcomes
We evaluated 154 consecutive cirrhotic patients admitted with acute esophageal variceal bleeding. The baseline characteristics of the patients at admission are reported in Table 1. The median age was 65 years (IQR 56-75), with 76% being men. The most common etiology for cirrhosis was alcoholic liver disease (54%) followed by hepatitis C (25%). The median MELD score at admission was 13 (IQR 10-18). The Child-Pugh class for the liver function was class A in 19 patients (12%), class B in 71 patients (46%) and class C in 64 patients (42%). Active variceal bleeding at the initial endoscopy was noted in 74 patients (48%). One hundred and forty-seven patients (95%) received EVL as the initial endoscopic treatment. In one patient, injection sclerotherapy was performed for EVL failure. A Sengstaken-Blakemore tube was inserted into six patients because of a failure to control bleeding by endoscopic therapy (Fig. 1) . Fifty-six of 154 patients were administered intravenous antibiotics within 48 hours after the onset of esophageal variceal bleeding. Table 2 shows the main outcomes of the patients. Twenty-nine patients (19%) died within the follow-up period of 6 weeks. The 6-week mortality of patients was 6% among Child-Pugh class A or B patients and 38% among class C patients (p<0.0001). 
Clinical characteristics of patients according to the Child-Pugh class and univariate analyses
As shown in Table 3 , in Child-Pugh class A or B patients, the etiology of cirrhosis, HCC, PVT, serum sodium level and infection at baseline were significantly associated with the 6-week mortality, whereas the age, creatinine level, albumin level, total bilirubin level, MELD score, hemoglobin, white blood cell (WBC) count, CRP level, active bleeding at initial endoscopy and rebleeding within 6 weeks were not. In Child-Pugh class C patients, a higher age, viral cirrhosis, presence of HCC, presence of PVT, elevated creatinine level, lower albumin level, higher WBC count, higher CRP level and infection all had a significant influence on the 6-week mortality. However, the TNM stage, the MELD score, hemoglobin, active bleeding and rebleeding did not differ markedly between Child-Pugh class C patients with and without 6-week mortality. In Child-Pugh class A or B patients, there were only five deaths. Child-Pugh A or B patients were therefore not considered "high-risk". Only ChildPugh class C patients were subjected to a subsequent analysis. We investigated Child-Pugh class C patients without HCC in order to exclude the possibility that the existence of HCC could affect the CRP level (Table 4 ). In Child-Pugh class C patients without HCC, the 6-week mortality was significantly associated with clinical factors in common, like a higher age, elevated creatinine level, lower albumin and higher CRP. A higher WBC count and infection tended to influence the 6-week mortality; however, the difference was not significant. Upon a univariate analysis, the factors associated with the 6-week mortality were almost the same, even after excluding patients with HCC. Therefore, we analyzed Child-Pugh class C patients admitted for acute esophageal variceal bleeding, including patients with HCC, in Fig. 2 and Tables was 0.785 (95% CI: 0.674-0.893) (Fig. 2) . In Child-Pugh class C patients, optimum cut-off values were calculated as follows: 0.71 mg/dL for creatinine and 1.3 mg/dL for CRP (Fig. 2) . Thus, we calculated an optimized age cut-off value of 68 years to distinguish patients with a high risk of 6-week mortality. In addition, a cut-off value of 2.6 g/L was also calculated for the albumin level. Table 5 shows the best four models obtained after the evaluation of the logistic regression analysis using all possible combinations of the candidate variables. The model including age ! 68 years, creatinine level ! 0.71 mg/dL and CRP level ! 1.30 mg/dL showed the best discriminative ability (highest AUROC and lowest -2LL). The CRP level along with the creatinine level were shown to be significant independent predictors of the 6-week mortality in Child-Pugh class C patients. Age showed no statistical significance, although it was included in the logistic regression model (Table 6).
Multivariate analyses
Influence of the level and different types of CRP on the 6-week mortality
We investigated the differences in the 6-week mortality according to CRP level. In Child-Pugh C patients, the 6-week mortality was associated with CRP ! 1.30 mg/dL (19% vs. 73%, respectively, for <1.30 and ! 1.30 mg/dL, p< 0.0001). Antibiotics were administered to all Child-Pugh C patients with a CRP level ! 1.30 mg/dL associated with clinically evident infection, whereas no patients showing elevated CRP levels that were not associated with clinically evident infection received antibiotics. The 6-week mortality did not differ markedly between the patients showing CRP ! 1.30 mg/dL with or without any clinically evident infection (p=0.793) ( Table 7) . 
Clinical characteristics in patients with different CRP levels
Patients with CRP levels ! 1.30 mg/dL showed a higher age (p=0.003), higher serum creatinine level (p=0.014) and lower serum sodium level (p=0.025) than those with a CRP level <1.30 mg/dL. Patients with CRP levels ! 1.30 mg/dL also more frequently had HCC (p=0.001) and PVT (p= 0.002) than those with a CRP level <1.30 mg/dL. Elevated CRP levels were associated with infection (p=0.025) (Table 8).
Discussion
Recent studies on acute esophageal bleeding have proposed predictive factors for identifying high-risk patients after current standard treatment. Augustin et al. considered Child-Pugh class C patients with creatinine >1 mg/dL to be at a high risk for 6-week mortality (5). Amitrano et al. determined that Child-Pugh class C, a WBC >10×10 9 /L and the presence of PVT were the only independent predictors of 5-day failure (22) . These studies have shown that the Child-Pugh class remains a strong predictive factor of shortterm outcomes. The aim of this study was to identify patients at a high risk of early mortality after acute esophageal variceal bleeding among Child-Pugh class C patients. Our study showed that the baseline CRP level was able to predict the 6-week mortality among Child-Pugh class C patients after acute esophageal variceal bleeding, independent of the usual prognostic criteria, such as MELD scores. A baseline CRP level ! 1.30 mg/dL was the predictor of 6-week mortality in Child-Pugh class C patients. Elevated CRP levels were associated with a higher age, the presence of HCC, higher creatinine levels, lower serum sodium levels, rebleeding and the presence of infection.
Other studies have shown that MELD is a significant predictor of short-term mortality at six weeks after acute variceal bleeding (23, 24) . The Child-Pugh score and the MELD score are the most commonly used prognostic models in patients with cirrhosis. The MELD score has been shown to be superior to the Child-Pugh score as an index of liver disease severity in patients with chronic liver disease awaiting liver transplantation. Esophageal variceal bleeding is a severe complication in cirrhotic patients. Patients with acute variceal bleeding are at a higher risk developing other complications or dying from hypovolemic shock, infections and the progress of liver failure. However, Tandon et al. found that MELD scores were not as useful as the ChildPugh class for identifying patients at risk of infection. The most likely explanation for this finding is the inclusion of variables in the Child-Pugh score, like hypoalbuminemia and ascites, which are predictive of infection risk (25) . Child-Pugh class C patients are susceptible to infections, and such infections further deteriorate the liver function (27) . Another recent study also showed that the ChildPugh score had a better overall performance in the prediction of 6-week mortality and was better at stratifying the risk of variceal bleeding than the MELD score (28) . The MELD score is more objective than the Child-Pugh score, since its calculation is based on the etiology of cirrhosis and three simple laboratory parameters-INR, serum creatinine and bilirubin levels-whereas it may underestimate the severity of liver disease in patients with decompensated cirrhosis and predominant complications of portal hypertension, as it does not include any parameters related to portal hypertension, such as hepatic encephalopathy or ascites (29, 30) . In the present study, small elevations in CRP predicted the risk of 6-week mortality in Child-Pugh class C patients after acute esophageal bleeding. CRP is mainly produced in the liver. Although the elevation of CRP is reduced in response to infection or systemic inflammation, the production is maintained even in Child-Pugh class C patients. High CRP levels can be observed even in cirrhotic patients with underlying liver dysfunction in Child-Pugh class C (31, 32). Cervoni et al. reported a significant prognostic impact of elevated CRP on short-term mortality in Child-Pugh score ! 8 cirrhotic patients. Persistently elevated CRP levels in these patients predicted short-term mortality better than infection or clinically-assessed SIRS (33) . Systemic inflammation, reflected by elevated CRP, is common in patients with advanced cirrhosis, like Child-Pugh class C and portal hypertension. Inflammatory response activation may be promoted by occult infections associated with bacterial translocation that complicates the increase in the intestinal permeability in these patients (34) . Systemic inflammation has been shown to favor serious complications, such as variceal bleeding, encephalopathy and acute-on-chronic liver failure (14, 35, 36) . Elevated CRP levels reflect not only infection but also the existence of systemic inflammation. Thus, regardless of the presence of clinically evident infection, elevated CRP levels may have been a predictor of the 6-week mortality after esophageal variceal bleeding in Child-Pugh class C patients in the present study.
The serum creatinine level was also an independent predictor of the 6-week mortality in Child-Pugh class C patients in our study. The optimized cut-off value of serum creatinine for the prediction of mortality was 0.71 mg/dL. In a previous study, the model including baseline creatinine ! 1.0 mg/dL showed the best discriminative ability for 6-week mortality in patients after acute variceal bleeding (5). The cut-off values of serum creatinine level in both the present and previous studies were not necessarily high. In patients with cirrhosis, serum creatinine may be an even poorer reflection of the renal function than in those without cirrhosis because of a reduced muscle mass, particularly in patients with severe liver disease. In this setting, the release of creatinine is considerably reduced, and therefore, patients may have a falsely low serum creatinine value (36) . Thus, serum creatinine is limited in several respects for the assessment of the renal function in patients with cirrhosis. Furthermore, when an increase in serum creatinine is found in a patient with liver disease, it is first necessary to determine whether or not the patients has chronic kidney disease (CKD), acute kidney disease (AKD) or acute kidney injury (AKI). This is crucial for determining the treatment strategies that should be started immediately in cases of AKD or AKI and less urgently in case of CKD (37) . Not only the development of AKI, but also the cause of impairment in kidney function is an important prognostic factor; patients with hepatorenal syndrome have worse prognosis compared with that of patients with other causes (38) . The prognosis differs markedly according to the clinicopathological condition of kidney dysfunction. We should pay attention to the prediction of early mortality by using the serum creatinine level in decompensated cirrhotic patients after esophageal variceal bleeding.
In Child-Pugh class C patients with CRP levels ! 1.30 mg/ dL, variceal bleeding should be considered a fatal event. Indeed, these patients with acute esophageal variceal bleeding had a dismal prognosis with a 6 week-mortality of 75%. In these patients, intensive care should always be attempted. Garcia-Pagan et al. reported that, in Child-Pugh class C patients, 10 (67%) of the total 15 patients in the pharmacology plus EVL group died, compared with 3 (19%) of the total 16 patients in the early use of a TIPS (within 72 hours of the initial endoscopy) (early-TIPS) group. Early TIPS may be selected in Europe and North America, as this is the only patient-tailored strategy proven to date to improve the outcome in acute variceal bleeding (11) . However, the TIPS procedure is not commonly performed in Japan due to the disadvantages associated with TIPS, such as an increased incidence of encephalopathy, that may not be outweighed by their advantages.
There are several limitations associated with this study. First, our study was conducted at a single center and needs external validation. The baseline CRP proved a powerful tool for predicting the 6-week mortality in Child-Pugh class C patients after acute esophageal bleeding. CRP is a simple marker that can be easily checked in patients on admission. We believe that our prognostic model consisting of the Child-Pugh class and CRP level can therefore be applied to any tertiary hospital. Second, although PPIs were administered to patients who received EVL, no vasoactive drug, like somatostatin or terlipressin, and very few secondary prophylaxis agents, like β-blockers, that affect esophageal bleeding were prescribed. Treatment using these drugs is the standard care according to the Baveno consensus workshops and 2016 practice guidance by the American Association for the Study of Liver Disease (21, 39) . However, the management in this study was performed in a manner more typical of Japan than Europe and North America (40) . In the same way, antibiotics were instituted only for patients with clinically evident infection and not in all patients as prophylaxis. Finally, this was retrospective study. A retrospective study design can result in some bias due to patient selection. However, 95% of patients in the study cohort underwent EVL. This rate is consistent with the rates of 94-100% in other retrospective, non-clinical trial cohorts in Spain (5) and Japan (41) . We therefore feel that this potential bias is reduced in the point of treatment selection and believe that our study cohort well reflects daily urgent endoscopic therapy in patients with acute esophageal variceal bleeding arriving at tertiary hospitals. In addition, this study contained 12 (18.9%) HCC patients in Child-Pugh class C patients. A recent study reported that elevated CRP is associated with a dismal prognosis in HCC patients (42) . Therefore, we investigated the influence of elevated CRP on the 6-week mortality in ChildPugh class C patients without HCC and confirmed that, regardless of the presence of HCC, the 6-week mortality was associated with elevated CRP in those patients.
In conclusion, the present study demonstrated the clinical importance of the baseline CRP level in predicting the 6-week mortality in cirrhotic patients with Child-Pugh class C status. Thus, conducting early and simple evaluations using a marker that can be easily measured is useful for identifying high-risk patients after acute esophageal variceal bleeding. The early identification of such patients offers the opportunity to select other treatment options with intensive care before the patient's condition deteriorates.
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